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£) Image portion determination of a solid-state imaging device. 


■£/ A radiation transducing device (1) comprising an 
array (2) of pixel elements (8) in which a pixel 
element is only read out when the raaiation that is 
incident on that pixel element exceeds a oredeter- 
.T.ined thresnotd value. 

Encoding circuits (5, 6), connected to compara- 
tors (3, 4) ana radiation measuring element (21) 
orovide a aigitai representation (xqi, xg2, <o3, ^^o^, 
:<ao, yc: . Vc:. Vcs, Yo*. Yao of the portion of the pixel 
array, whose incident radiation amount exceeas said 
threshold value. 
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Radiation transducing device 


Tne present invention relates to a raciation 
transducing cevics. 

Raaiation transducing devices from the prior 
art, e.g. EP-A-015714 consist of a matrix of pixel 
elements of winicii each pixel element is scanned 
sequeniiaily, e.g. for the scanning cf pictures in a 
television or video apparatus. 

As further prior to the applicant EP-A-0260858 
and the article: "The VLSI design of a two dimen- 
sicnal image processing array" of D. Pan- 
ogiotopoulos e.a., published in Microprocessing 
and ivlicroprcgramming, vol. 14, no, 3/4, 
October/November 1984, is Known. 

At scanning a picture area in which only on 
one or some locations radiation is to be detected, 
those transducing devices of the prior art produce 
an enormous amount of signals of which the in- 
formation content has substantially no value at all. 

It is an object of the present invention to im- 
prove upon the prior art and to provide a new 
radiation transducing device. 

The present invention provides a transducing 
device occurring tc claim 1. 

The field of application of the present invention 
relates to fast consecutive recorcing of collisions of 
elementary particles in expertm.ents at high energy 
storage hngs, e.g. at CERN, as well as the continu- 
ous watching of ground environment, e.g. for de- 
tecting flashings of lightning accoring above the 
ground. 

A preferred embodim.ent is provided with 
means for detecting t^vvo or more so-called events 
separately. 

Further advantages, features and details will oe 
clarified in view of a preferred embodiment of the 
radiation transducing device according to the 
present invention, described with reference to a 
drawing, in which show: 

fig. 1 a diagram of a preferred embodiment 
of a raaiation transoucing device according :o the 
present invention; 

fig. 2 a diagram of an embodiment of a 
radiation sensitive element of the diagram cf fig. 1; 

fig. 3 a diagram of a comparator element of 

fig. 1 : 

fig. 4 a diagram of the connection of the 
source followers of fig. 2: 

fig. 5 a diagram of an embodiment of the 
encoding elements of fig, 1: 

^ig. 3 a diagram of a second preferred em- 
bodiment of a radiation transducing device accord- 
ing to the present invention: and 

fig. 7 a ciagram of detail V!l of fig, 6. 
A preferred emcodiment cf a radiation trar:- 
cueing device 1 :fig. i) comprises a matrix 2 ^-f 


arrays of raaiation sensitive (pixel) etements, 'n 
which both in lying (x) anc standing (y) direction a 
comparator element is connected to each row of 
pixel elements wnich are connected in parallel to 

5 each other (similar as shown in fig. '^•), as is dia- 
grammaticaiiy set forth by blocks 3, 4 resp.. To 
comparator blocks 3. 4 reso. encoding blocks 5, 5 
resp. are connected, of which output xo^, xo2, xc3, 
xa^., yoT, yc2, yoG, yot resp. are derivable, as will 

10 clarified in the following description. Outputs X3Q, 
y^o resp. are directly derivable from the outputs of 
the matrix or pixel elements. 

A preferred embodiment of the pixel eiement 7 
(fig. 2) of the matrix 2 comprises a radiation sen- 

'5 sitive element in the form of a photo sensitive 
diode 8 on which radiation R is incident, which is 
connected through an inverting am.plifier 9 having 
PET'S 10, 1 1 resp. for producing a signal to com- 
parator blocks 3', 4 resp. said PET'S connected as 

2G source followers. A capacitor 30 and a electronic 
reset switch 31 are connected over the inverting 
amplifier 9. 

Outputs Xac and Var produce (in a not shown 
way), similar to the way shown in fig. 4 for each 

25 column, row resp. an output signal x^^: Vac fesp., 
which form a common output signal for each col- 
umn, row resp, of the matrix 2. For the purpose of 
deriving such a common output signal the source 
followers 10, 10 , 10 etc.. the source follows 11, 

30 11,11 etc. resp. of each pixel element are con- 
nected in parallel for each column, row resp,. 

A comparator element, e.g. a NOR-flipflop 12. 
is connected to the output x^c (and yar) of each row 
(and column) of the pixel matnx. A thresnold value 

35 for switching dependent on the amount of radiation 
incident on a photosensitive diode 8 ;s determined 
by 're do bias 'eve! of the inout <3c relative to the 
negative supply voltage. This dc bias level can be 
set e.g. by means of the setting of the inverting 

40 amplifiers 9. The input 15 of the NOR-*'tipfiop 12 
forms a reset terminal, wnich may initialize a new 
image recording. The output 16 has a 'ogic "0" cr 
"1 '* value, dependent on the fact whether or net the 
amount of radiation incident to the corresponding 

45 column (or row) of the matnx is higher than a 
predetermined (and preset) value. 

The (analog) output x^o (fig- (snd yao in a 
corresponding row) is formed, because of the fact 
that source followers 32, 32 . 32 etc. are con- 

50 nected in caraiiel and in series to a load or mea- 
suring element 21. When radiation is :ncident to 
more than one row or cciumn of the radiation 
sensitive elements 8. the voltage over the load 21 
is determined by the largest amount of radiation 
incident to a "hit" element. The load 21 will in most 
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cases be a resistor, but may also oe a switcnacte 
caoacitor. 

The encoding block 5 anc 6. preferably of 
Simiiar structure, nnay be realized by nneans of a 
multiplexer. In this way a data reduction is 
acnievea e.g. for a lOO x iCO :mage transcucing 
element of thus 1G,000 pixel elements of e.g. 100 x 
100 um^ each, of 10,000 to 100 aaia for each 
image pericd. The image perioa can decrease from 
1 msec to 10 asec or the energy ccnsumaticn may 
decrease by a factor of 100 in a corresponaing 
way. Further the number of clocking member and 
cower supDiies for controlling the image transcuc- 
ing element of the present :nvention limited 
rotative to known CCD transducing devices. 

Preferably a combinational logic circuit is used 
as cooing Diock 5, 6 resp.. of which an embodi- 
ment (of which purpose of simplicity only 3 btts are 
shown, is disclosed in fig. 5; the image period can 
be reduced to e.g. 100 nsec by means of this 
embodiment or the energy consumption can be 
reduced to iess than 1 mW. The circuit of fig. 5 
comprises NCR-circuits 21, inverters 22 and OR- 
gates 23. The circuit is to be seen as built of base 
block A and The shown embodiment accom- 
plishes the encoding for eignt inputs (to-!?) con- 
nected to outputs 16 of the comparator elements. 
By means of biock A and B a circuit for a number 
cf inputs larger than eight can be buiit in a simple 
way. 

The cutouts of the circuits shown in fig. 5 
produce in a consecutive way from the top down: 

- Y/N: whether or not an amount of radiation above 
a preset threshola value to the radiation trans- 
ducing device is present; 

- MSB the most significant bit value of the row or 
column of the pixel element having the highest 

• rank number of the pixel element to which radiation 
was incident; 

2SB the centre bit value of a row or column having 
:he highest rank number to wntcn raoiation was 
incident; and 

- LS3 the least significant oit value of a row or 
column having the Highest rank number of the pixel 
element to which radiation was mcicent. 

When tyvo encoding circuits of tig. 5, in the 
preferred embodiment of the radiation transaucing 
device (both to x and y side) are oisposed, wniie 
inputs Io-t7 are supplied in mversed sequence to a 
second encoding circuit, the foiicwing may be de- 
termined from a comparason cf bit values at the 
outputs, because one encoaing c;rcuit detects the 
lowest and the other the highest activated rcw (or 
column) vaiue: 

- the same result means that only oixeieiements of 
one row. column resD. are activatea oy radiation; or 

- an unecuai result aefines the oorcers of an area 
in which at least r^o ^ows (or cclumns) of cix- 


eietements are activated. 

Preferably the output of the encoding blocks 5, 
6 resp. contain the following information: 

- ;^Q1 (yc^) a bit whicn defines whether or not a 
5 Dixei element m a column (row) is activated (Y'N of 

fiG. 5); 

- xg2 (yo2) a digital number defining the mgnest 
column numtcer (row number) of a column (row) of 
a pixel element to whicn raoiation Is incident; 

,Q - '<.3 (yn.): a aigitai number which defines the 
lowest column number (row number) of a column 
(row) of a pixel element to which raciation is in- 
cident; and 

- <Gi (ycii: a bit va:ue whicn defines whether or 
15 now the highest and lowest column number (row 

number) is equal; this bit value <q^ (yoO is derived 
in a simple way through a combination allogic 
circuit which compares the outputs of t^wo logic 
circuits of fig. 5. 
20 A first raoiation transducing device to be re- 

alized is completely monolitically in integrated form 
in a semiconductor substrate and comprisors 32 x 
32 pixel element, of which the excectation is that a 
50% filling degree of the surface is availabie to 
25 radiation sensitive elements. 

Other possible embodiments include the so- 
called fiipchip structure, in wnicn a separate diode 
cnip is connected to a separate chip for the periph- 
eral electronics, and the so-called SGI technique, in 
30 which electronics situated at the bacK side rela- 
tive to the incident raaiation. separatee by silicon 
oxide from the radiation sensitive elements. 

Another preferrea embodiment 31 (fig. 3) of the 
present invention comprises pixei elements 32. 32 . 
35 32' etc. and encoding oiocks 33, 34 resp. similar to 
those of fig. 1. Further a first pixei element 32 is 
externally provided with a carry-in signal Ctn and 
provides a fuaher carry signal C to a second pixei 
element 32' which in term provides a further carry 
40 signal c' and so on untill the last pixel element 32 
which provides a carry-out signal C^ui 'bat may be 
jsed for a further integrated transducing device. 

By means of a sample signal S (fig. 7) a signal 
value related to the radiation R it is transferred to a 
45 tlipflcp circuit 33 and by means of an acaitional 
ciocksignai T to a output carry signal 0 . if a pixel 
element 32' ■ did not detect radiation, a incoming 
carry signal C is oassed as outgoing carry signal 
C controlled by clock signal T. tf however radiation 
50 above a threshold vaiue was oetected and inoom- 
ng carry signal C has a zero vaiue, than this 
means that this pixei eiement 32 is the first of ail 
rhe Dixet elements that has been "hit". By means 
cf ciocksignai T the flicflop 33 is reset dunng the 
55 second half cenco of this clocxsignal. 

By means of the carry signals C adced by the 
sample signal S the transducing device 31 is ca- 
oaoie of reaoing out the row and coiumio numoers 
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of ail the pixel elements hit by radiatfon and aiso 
the analog signal values x^o ^nd y^o thereof, with- 
out much 'CSS of speed. 

Further modification and variations of the 
present inveniicn are possible within the scope of 
the present invention, definea by the annexed 
cfaims. 


Claims 10 

I. A trarsGucing aevice for transducing radi- 
ation, compnsing an array of elements sensitive for 
radiaiion, comparator elements connected to an 
array part of said elements, for comparing ihe 15 
amount of raciaiion received by a radiation sen- 
sitive element with a predetermined threshold val- 
ue, an enccding eiement connected to saia com- 
parator eiement for producing a digital representa- 
tion of the element on which radiation was incident 20 
and a measuring element connected to said radi- 
ation sensitive efements for determination of the 
amount of incident radiation to said corresponding 
element during a predetermined time pehod. 

2. A radiation transducing device, in Vw^hich the 25 
array of radiation sensitive elements is a matrix, of 

e.g. 100 X 100 or 32 X 32 elements. 

3. A radiation transducing device of claim 2, in 
which the radiation sensitive elements of one row 

or column are commonly connected to a compara- 20 
tor element, for determination of the row or column 
number. 

4. A radiation transducing device of claim 3, in 
which t^yvo or more signals of two or more rows or 
columns of radiation sensitive elements are sup- 35 
plied to a common load for the determination of the 
maximum value of said signals. 

5. A radiation transducing device according to 
one of the preceeding claims, in which saia encod- 
ing eiement is embodied as combinatorial logical ^0 
circuit. 

6. A radiation transGucing device of claim 5, in 
which ^wo combinational encoding elements are 
connected to the output of the comparator ele- 
ments. 4S 

7. A radiation transducing device of claim 1, in 
which means for providing a carry signal are pro- 
vided between the pixel elements in said array. 
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